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CLEAN CLAIMS AFTER PRELIMINARY AMENDMENT 

1. An apparatus for high efficiency gas temperature and 
humidity adjustment, comprising a cooling coil; and 

a condensate water removal means for removing condensate 
water deposited on said cooling coil. 

2. An apparatus for high efficiency gas temperature and 
humidity adjustment, comprising a cooling coil; and 

a means for supplying the cooling coil with deaeration water 
or hydrogen water as cooling water. 

3 . The apparatus for high efficiency gas temperature and 
humidity adjustment of claim 1, wherein said condensate water 
removal means is a means for spraying compressed gas to the 
cooling coil . 

4. The apparatus for high efficiency gas temperature and 
humidity adjustment of claim 3, wherein the pressure of said 
compressed gas is 2 to 10 kgf/cm 2 . 

5. The apparatus for high efficiency gas temperature and 
humidity adjustment of claim 3, wherein said compressed gas is a 
cooling gas. 

6. The apparatus for high efficiency gas temperature and 
humidity adjustment of claim 1, wherein said condensate water 
removal means comes physically into contact with the condensate 
water, and has a function to remove said condensate water. 

7. The apparatus for high efficiency gas temperature and 
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humidity adjustment of claim 6, wherein said condensate water 
removal means is a brush. 

8. The apparatus for high efficiency gas temperature and 
humidity adjustment of claim 7, wherein said brush is composed to 
be capable of removing said condensate water by rotation or other 
displacement . 

9. The apparatus for high efficiency gas temperature and 
humidity adjustment of claim 1 wherein cooling fins of said 
cooling coil are divided every one line or two lines, or have 
slits for displacement guide disposed every one line or two lines 

5 of heat exchange fins. 

10. The apparatus for high efficiency gas temperature and 
humidity adjustment of claim 1 wherein the surface of said 
cooling coil is composed of water-repellent surface. 

11. The apparatus for high efficiency gas temperature and 
humidity adjustment of claim 1 comprising a means capable of 
spraying condensed liquid again. 

12. The apparatus for high efficiency gas temperature and 
humidity adjustment of claim 1 wherein a surface treatment using 
alumite treatment film or the like is applied to the surface of 
said cooling coil so that the heat transfer efficiency from the 

5 surface thereof to the gas by heat radiation be improved. 

13 . The apparatus for high efficiency gas temperature and 
humidity adjustment of claim 1 wherein an ultrasonic applying 
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apparatus for applying vibration by ultrasonic waves is comprised 
on the surface of said cooling coil. 

14 . The apparatus for high efficiency gas temperature and 
humidity adjustment of claim 1 comprising a means for supplying 
the cooling water tube of said cooling coil with deaeration 
water . 

15. The apparatus for high efficiency gas temperature and 
humidity adjustment of claim 1 comprising a means for supplying 
the cooling water tube of said cooling coil with hydrogen water. 

16. A method for high efficiency gas temperature and 
humidity adjustment, the method comprising the steps of, letting 
flow cooling water in a cooling water tube of a cooling coil, and 
cooling a gas to be cooled by letting flow the gas to be cooled 

5 between cooling fins, wherein deaerated water is used as coil 
cooling water. 
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ABSTRACT OF THE DISCLOSURE 
An apparatus for high efficiency gas temperature and 
humidity adjustment and an adjustment method allowing to raise 
the heat exchange efficiency of a cooling coil, reduce the 
cooling water quantity, also lower the pipe arrangement diameter 
and water supply pump power, thereby making it possible to cut 
the initial cost and running cost of the air-conditioning system. 

The apparatus for high efficiency gas temperature and 
humidity adjustment is characterized by a system for removing 
condensate water deposited on the cooling coil. 
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MARKED - UP CLAIMS 

1. An apparatus for high efficiency gas temperature and 
humidity adjustment, comprising a cooling coil; and 

a condensate water removal means for removing condensate 
water deposited on [a] said cooling coil. 

2. An apparatus for high efficiency gas temperature and 
humidity adjustment, comprising a cooling coil; and 

a means for supplying the cooling coil with deaeration water 
or hydrogen water as cooling water. 

3. The apparatus for high efficiency gas temperature and 
humidity adjustment of claim 1, wherein said condensate water 
removal means is a means for spraying compressed gas to the 
cooling coil . 

4. The apparatus for high efficiency gas temperature and 
humidity adjustment of claim 3, wherein the pressure of said 
compressed gas is 2 to 10 kgf/cm 2 . 

5. The apparatus for high efficiency gas temperature and 
humidity adjustment of claim 3 [or 4] , wherein said compressed 
gas is a cooling gas. 

6. The apparatus for high efficiency gas temperature and 
humidity adjustment of claim 1, wherein said condensate water 
removal means comes physically into contact with the condensate 
water, and has a function to remove said condensate water. 

7. The apparatus for high efficiency gas temperature and 
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MARKED -UP CLAIMS 

humidity adjustment of claim 6, wherein said condensate water 
removal means is a brush. 

8. The apparatus for high efficiency gas temperature and 
humidity adjustment of claim 7 , wherein said brush is composed to 
be capable of removing said condensate water by rotation or other 
displacement . 

9. The apparatus for high efficiency gas temperature and 
humidity adjustment of claim 1 [any one of claims 1 to 8 , ] 
wherein cooling fins of said cooling coil are divided every one 
line or two lines, or have slits for displacement guide disposed 
every one line or two lines of heat exchange fins. 

10. The apparatus for high efficiency gas temperature and 
humidity adjustment of claim 1 [any one of claims 1, 2 to 9 , ] 
wherein the surface of said cooling coil is composed of water- 
repellent surface . 

11. The apparatus for high efficiency gas temperature and 
humidity adjustment of claim 1 [any one of claims 1 to 10,] 
comprising a means capable of spraying condensed liquid again. 

12. The apparatus for high efficiency gas temperature and 
humidity adjustment of claim 1 [any one of claims 1 to 9 , ] 
wherein a surface treatment using alumite treatment film or the 
like is applied to the surface of said cooling coil so that the 
heat transfer efficiency from the surface thereof to the gas by 
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MARKED -UP CLAIMS 

heat radiation be improved. 

13. The apparatus for high efficiency gas temperature and 
humidity adjustment of claim 1 [any one of claims 1 to 12,] 
wherein an ultrasonic applying apparatus for applying vibration 

5 by ultrasonic waves is comprised on the surface of said cooling 
coil . 

14. The apparatus for high efficiency gas temperature and 
humidity adjustment of claim 1 [any one of claims 1, 3 to 13,] 
comprising a means for supplying the cooling water tube of said 
cooling coil with deaeration water. 

15. The apparatus for high efficiency gas temperature and 
humidity adjustment of claim 1 [any one of claims 1, 3 to 13,] 
comprising a means for supplying the cooling water tube of said 
cooling coil with hydrogen water. 

16. A method for high efficiency gas temperature and 
humidity [adjustment;] adjustment, the method comprising the 
steps of, letting flow cooling water in a cooling water tube of a 
cooling coil, and cooling a gas to be cooled by letting flow the 

5 gas to be cooled between cooling fins, wherein [deaeration] 
deaerated water is used as coil cooling water. 
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MARKED -UP ABSTRACT 

[The present invention has an object to comprise an] An 
apparatus for high efficiency gas temperature and humidity 
adjustment and an adjustment method allowing to [elevate] raise 
the heat exchange efficiency of a cooling coil, reduce the 
5 cooling water quantity, [lower also] also lower the pipe 

arrangement diameter and water supply pump power, thereby making 
it possible to cut the initial cost and running cost of the air- 
conditioning system. 

The apparatus, for high efficiency gas temperature and 
10 humidity adjustment is characterized by [that means] a system for 
removing condensate water deposited on the cooling coil. 
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SPECIFICATION 



APPARATUS FOR HTttH F.FF TCTFNCT ttAS TEM PKR ATI IRF AND HTJMTDTTV 
ADJUSTMENT AND ADJUSTMENT METHOD OF THE SAME , 



Field of the Invention 

The present invention concerns an apparatus for high 
efficiency gas temperature and humidity adjustment performing air- 
conditioning processes such as humidif ication, dehumidification, 
10 rise of temperature , cooling of a gas wliicli is a processed product. 
and an adjustment method of the same. 



Background Art 

Energy saving equipment is strongly required for air 
15 conditioning installation of the future architectural structures . 
Especially, concerning the running cost of the clean room, the 
proportion that the electricity charges occupy attains the order 
of one third of the whole, and most of them concern the power 
consumed by the air- conditioning installation and process unit- 
20 Hence, it is essential for a low lost production to reduce the 
air-conditioning installation and process unit electric quantity. 

The power consumption contributes largely to the operation of 
air-conditioning facilities > Therefore, the intprovement of 
efficiency of an air-conditioner directly leads to the energy 
25 caving . 

The enhancement of efficiency of the cooling coil which is 
one of components composing an air- conditioner leads to the 
increase of efficiency of the air- conditioner. 

Condensate water deposits during the operation on the cooling 
30 coil of an air-conditioner in operation. The condensate water 
results in lowering the cooling effect of an air-conditioned gas. 
The decrease of efficiency Dy the tact Thar the heat -transfer 
coefficient of condensate water is lower than the heat -transfer 
coefficient of copper is prevented from removing condensate water 
35 deposited on the cooling ooi 1 

The present invention has an object to provide an apparatus 
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for high efficiency gas temperature and humidity adjustment and an 
adjustment method allowing to elevate the heat exchange efficiency 
of the cooling coil, lower the cooling water quantity, reduce the 
piping diameter and the conveying pump power and cut initial costs 
5 and running costs of an air-conditioning system. 
Disclosure of the Invention 

The apparatus for high efficiency gas temperature and 
humidity adjustment of the present invention is characterised by 
that a means for removing condensate water deposited on the 
10 cooling coil is provided. 

The high efficiency gas temperature and humidity adjustment 
method of the present invention is a gas temperature and humidity 
adjustment method for cooling a gas to he cooled by letting a 
cooling water flow in a cooling tube of an cooling coil and, at 
15 the same time, letting the gas Lo be cooled flow between cuuliny 
fins, wherein a deaeration water is used as the cooling water. 

The high efficiency gas temperature and humidity adjustment 
method of the present invention is a gas temperature and humidity 
adjustment method for cooling a gas to be cooled by letting a 
20 cooling water flow in a cooling tube of an cooling coll ond r at 
the same time, letting the gas to be cooled flow between cooling 
fins, wherein a hydrogen water is used as the cooling water. 

The high efficiency gas temperature and humidity adjustment 
method of the present invention is a gas temperature and humidity 
25 adjustment method for cooling a gas to be cooled by letting a 
cooling water flow in a cooling tube of an cooling coil and, at 
the same time, letting the gas to be cooled between cooling fins, 
wherein the cooling is performed after or during the removal of 
condensate water from the cooling coil. 
30 it should be appreciated that the compressed gas is 

preferably a cooling gas. In the case of using such cooling gas, 
there is an advantage that the quantity of heat other than the 
quantity of heat that should primarily be submitted to a cooling 
treatment is unnecessary. As for the temperature of cooling gas, 
35 23 to 15 6 C i£ preferable for the reason that there is a 
difference between the pro -treatment temperature and the post- 
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treatment temperature. 

Also, it is preferable the surface of the cooling coil be a 
water repellent surface. For a surface, to he. water repellent, for 
instance, a PFA film may be applied to the surface of the cooling 
5 coil, other than the PFA, for example, water-repellent material 
application and formation of water repellent film are preferable. 

In addition, it is preferable to provide means capable of 
spreading again the condensed llauid. In the case of such 
composition, there is an advantage that unnecessary heat exchange 
10 Is not performed, because the condensed liquid temperature and the 
heat exchanger temperature are equal. As the means capable of 
spreading again the condensed liquid, for example, it may be 
configured to draw condensate water by a small pump from a 
condensate water pan in the air- conditioner, and to spread again 
15 from Lhe heal exchanger upper port. 

Furthermore, it is preferable to apply an alumite treatment 
film to the surface of the cooling coil. The adoption of such 
composition iirtproves the heat-transfer coefficient by heat 
radiation from the surface thereof to the gas, inrproving the 
20 cooling efficiency. 

Brief Description of the Drawings 

Fig- 1 is a schematic diagram showing an apparatus for high 
efficiency gas temperature and humidity adjustment according to 
25 the present Invention. 

Fig. 2 is a schematic perspective view of a cooling coil 
body according to the present invention. 

Fig. 3 is a schematic view of an apparatus for cooling coil 
condensate water removal according to the present invention. 
30 Fig. 4 is a schematic view o£ an apparatus foir cooling coil 

condensate water removal according to the present invention. 

Fig. 5 is a schematic view of a part of the apparatus for 
cooling coil condensate water removal according to the present 
invention . 

35 pig, 6 is a schematic view o£ a part of the apparatus ir ° r 

cooling coil condensate water removal according Co the present 
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invention. 

Fig, 7 is a diagram showing experimental results according to 
the present invention. 

Fig. 8 is a diagram showing experimental results according to 
5 the present: invention. 
[Description of Symbols] 

101 Air-conditioner main body 

102 Gas Axhmist: port. 

103 Gas intake 

10 1U4 Condensate water removal apparatus 

105 Ventilator fan 

106 Cooling coil 

107 Gas sampling pipe arrangement 

108 Compressor 

15 109 Compressed gas supply pipe arrangement 

201 Cooling coil main body 

202 Cooling tube 203 Cooling tube 

204 Cooling water return pipe arrangement 

205 Cooling water supply pipe arrangement 
20 206 Cooling fin 

207 Enter side flow of gas to be cooled 

208 Exit side flow of gas to be cooled 

301 Compressed gas pipe arrangement connection port 

302 Alx-conditioner casing 
25 303 Compressed gas header 

304 Cooling coil 

305 Supply gas before cooling 

306 Electric motor for driving 

307 Compressed gas tube 

30 308 Guide for movement of compressed gas header 

309 Supply gas after cooling 

310 Header stop position 

311 Compressed gas supply nozzle 
401 Air-conditioner casing 

35 402 Guide for movement of compressed gas header 

403 Compressed gas header 
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404 Coirqpressed gas pipe arrangement connection port 

405 Electric motor for driving 

406 Compressed gas tube 

407 Cooling coil 

5 40b compressed gas supply nozzle 

501 Aluminum fin 

502 Compressed gas header 

503 Comp-nftssftfi gas nozzle 

504 Cooling coil tube 

10 505 compressed gas nozzle angle 

506 Cooling tube alignment angle 

601 Rotary brush track 

602 Rotary brush 

603 Rotating shaft 
15 604 Heat excnanger 

605 One end flat brush 

606 Both ends flat brush 

607 Heat exchanger 



20 Best Mode for Carrying out the Invention 

Now, embodiments of the present invention shall be described 
based on Fig. 1 to Fig. 6. 

In an apparatus for high efficiency gas temperature and 
humidity adjustment, a cooling coil is used to cool a gas to be 
25 adjusted and to adjust the temperature and humidity. Ordinarily, 
the coil is supplied with a cooling water of around 7 °C, used for 
lowering the temperature of a gas to be adjusted in contact 
therewith taking profit of the heat source. 

The heat exchange efficiency that lowers under condition 
30 where a water film deposits on tho cooling coil is shown by an 
example described below. Suppose cooling heat quantity by q, heat 
transmission coefficient of enthalpy reference Kw, coil surface 
area S, logarithmic mean temperature difference difference MED, 
internal and external area ratio R, heat conductivity of pipe 
35 inner surface Aw, seal© coefficient of pipe inner surface r 1# 
contact thermal resistance between copper pipe, aluminum fin and 
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pipe r 2 , proportion constant bw, mass-transfer coefficient on fin 
surface kf , and fin efficiency 0W, a relation: 

q = Kw ' S"MED 

5 1 / Kw — K/aw + R(r 2 +r 2 )bw + l/[kf{e>w + (l/R)}] 

is formed. 

Applying general values to the aforementioned formula, the 
cooling heat quantity becomes about 642 cal/h. 
10 The cooling neat quantity q' at the time when condensate 

water deposits on the cooling coil in layer, becomes as follows. 
The compensated value of internal and external area ratio R be R', 
and heat transmission coefficient Kw' in the case of deposit of 
water layer of d in depth on the coil: 

15 

l/Kw'=R aw/zw + R (r, + r 2 )bw + R' -bwd/S+l/ [kf {6w + (l/R)}] 
=1 / Kw + d/e 

Suppose the water film depth be 1.0 mm, the cooling heat 
quantity q' becomes about 430 kcal/h. 
20 According to the forgoing, if 1.0 ram of water film deposits 

on the cooling coil, the heat exchange rates by the coil results 
in a decrease of about 33 %. 

Fig. 1 shows an apparatus for high efficiency gas temperature 
and humidity adjustment according to an embodiment of the present 
25 invention. 

The apparatus is configured to blow off by force condensate 
water deposited on the cooling coil by compressed gas or a brush 
(rotational brush or flat brush). 101 is a aix-conditioner main 
body, for taking a gas from a gas intake 103 in the air- 

30 conditioner main body 101, and discharging temperature and 
humidity adjusted gas from a gas exit 102 by a fanlOS for 
transferring the gas- A cooling coil 106 is installed in a passage 
of gas through the aix-conditioner main body 101- A condensate 
water removal apparatus 104 is installed upstream the cooling coil 

35 106. In the case of using compressed gas, a part of gas taken in 
by a fan coil is taken in a compressor 108 by a sampling pipe 
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arrangement 107 to produce a compressed air* A compressed air 
supply header 104 is supplied with the produced compressed air by 
a compressed air supply pipe arrangement 109. 

The blowing pressure of compressed gas to the cooling coil 
5 106 is preferably 2 to 10 kgf/cm 3 , and more preferably 3 to 5 
kgf/cm 2 . If the pressure is less than 2 kgf/cm\ sometimes 
condensate water can not be removed sufficiently. On the contrary, 
if it is excessively higher th*n 10 kg^/cm 2 , the performance, of gas 
temperature and humidity may be affected. 
10 in the forgoing description, a case of using a cooled gas to 

be cooled of which temperature and humidity are adjusted by the 
cooling coil 106 as compressed gas has been explained; however a 
compressed air may be introduced from outside and in the case, it 
is preferable to adjust the temperature and humidity outside. 
15 Fig, 2 Is a schematic view of the cooling coil- 

The cooling coil is composed by arranging a plurality of 
cooling fins 206 and cooling water tubes 202, 203 in the cooling 
coil main body 201. One end of the cooling water tube communicates 
with a cooling water Intake 205 and the other end communicates 
20 with a cooling water exit 204. 

A gas to be cooled 207 passes through between cooling fins 
206 each other in the cooling coil main body 201, a cooled gas to 
be cooled 208 comes out- Cooling water is supplied from the 
cooling water Intake 205, and discharged from the cooling water 
25 outlet 204. The cooling water passes through the cooling water 
tube 202, 203. In order to enhance the cooling efficiency, the 
cooling fin 206 is installed in a perpendicular direction in 
respect to the cooling tube 202, 203. 

Figs. 3 and 4 show respectively a side view and a front view 
30 of the compressed gas supply apparatus. The gac to bo cooled 
enters from the drawing right side 309, and flows in the direction 
of the drawing left side 305 • Compressed gas necessary for 
removing condensate water deposited on the cooling coil of 304 or 
407 by the compressed gas supply apparatus is supplied, and 
35 condensate water is removed by force from the coil and fin surface 
by vertical movement the compressed gas supply nozzle 311 or 408, 
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using an electric motor for vertical displacement 306 or 405, 
along a guide for compressed air header displacement of 308 or 402- 
In the example, the compressed air header 308, 402 reciprocates up 
and down continuously, and the stop position is supposed to be 
5 cooling coll upstream side front. For Instance, a gas of pressure 
about 5.0 kg/cm 2 is sprayed perpendicularly to the cooing coil, to 
drop down removed condensate water into a drain pan. 303 or 403 is 
a compressed gas header, composed of stainless pipe arrangement or 
the like and provided with discharge nozzles 311 or 408 of 
10 compressed yets equiOis Uan Lly . 308 and 402 is a nuazle up and duwii 
guide displacement guide, and the guide is fixed to the air- 
conditioner main body 302 or 401. Also, the guide 308 or 402 is 
installed at the right and left of a cooling coil, and is placed 
at a position not interfering with the, gas flow. The compressed 
gas is supplied from the compressed gas pipe airongement nozzle 
301 or 404 and delivered to the compressed gas nozzle through a 
flexible tube 307 or 406. 

Fig- 5 shows the detail portion of the compressed gas pipe 
arrangement nozzle. 

The compressed gas is sprayed from a compressed gas nozzle 
503 that has passed through a compressed gas header 502- The 
position of each nozzle has an angle from the horizontal plane, so 
that the dropped condensate water flies downward forcibly. By 
installing the nozzle inclination angle 505 and the cooling tube 
25 504 alignment angle 506 equally, installing the nozzle 
installation position avoiding the cooling fin 501. or other, the 
compressed gas comes to pass through between cooling fins through 
the tube effectively, allowing to remove condensate water with a 
high efficiency to the side removed nozzle- Concerning the cooling 
30 tube, as the alignment angle is normally in a range of 30 degrees 
to 40 degrees, it is preferable to set the nozzle angle also 
between 30 degrees and 4U degrees. 

Fig- 6 shows a schematic view in the case of using a brush 
(for example, rotational brush, flat brush) in pl^ce of compressed 
3S gas nozzle. The rotational hnisn rntatAS in a rang* of 601, and a 
brush 602 made of resin and fixed to a rotation shaft 603 removes 
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condensate water deposited on the cooling tube and fin. 

Besides, it is preferable that the rotation brushes are 
provided in plurality, and allowed to move between heat exchangers 
604 divided into one line or two lines > 
5 In addition, in tne case ot using a tiat brush, it is 

preferable that the shape of the flat brush is foimed into the 
shape of one end 605 or both ends 606 and composed to permit 
moving between heat exchangers divided into one line or two lines, 
or moving inside slits of several stages placed every line or two 
10 lines ot" heat exchangers 607 of a continuous number of lines . 

On the other hand, it is effective to use a deaeration water 
as cooling water to circulate in the cooling water tube of the 
cooling coil, in order to increase the conversion efficiency. Here, 
the deaeration water means a city water removed gases (especially 
15 oxygen) from tlie city waLei;. The uxyyeu uonoenUaLion in Lh© 
deaeration water is preferably equal or inferior to 10 ppm f more 
preferably equal or inferior to 5 ppm and still more preferably 
equal or inferior to 3 ppm. Nevertheless, as the effect saturates 
under than 1 ppm, 1 to 10 ppm is a preferable range. 
20 Also, it is preferable to use hydrogen water as cooling water 

for circulation in the cooling water tube of the cooling coil. 
Hydrogen water is a hydrogenated water, and it is further 
preferable to use a water wherein the deaeration water is 
hydrogenated. The hydrogen concentration in the hydrogen water is 
25 preferably 0.5 to 1.5 ppm> 

Embodiments 

Hereinbelow, results of removal of condensate water deposited 
on the cooling coil 304 or 407 of an air -conditioner, by the 
30 apparatus of the present invention. 

(Embodiment 1) 

The cooling coil was supplied with a cooling water of 7 °C 
and the cooling water temperature was measured at the cooling 

35 water exit. 

As parameter of that time, experiments were performed for a 



9 



RECEIVED: 3/ 8/02 10:36; -^RANDALL J. KNUTH , P.C., #82, PA&fe J "/ fj ^ 7 ^ €i J„ |jj ^ 

03/09/2002 00:23 0332610681 FUKUMORI P.O. *\°-y* 12/26 



case where condensate water deposits on the coil, a case of 
removing condensate water with compressed gas using the apparatus 
shown in Pig. 1. a case of applying the coil surface treatment, 
and a case of using deaeration water , hydrogen water as cooling 

5 water, and they were compared each other. 

Keep cooling water supply conditions and intake gas 
temperature constant, and measure gas output temperature and 
cooling water output tenqperature. The gas output temperatures in 
the case of operating the condensate water removal apparatus, in 

10 the case of not operating, and in Llie case of no I processing were 
compared. 

It should be appreciated that the experiment is performed 
under the condition of simultaneity, in order to impose the same 
condition to the intake gas temperature. Pig- 7 shows measurement 
15 results of gas output temperature • 

In Fig. 7, # shows results of the example and ■ results of 
a comparison example. 

It was confirmed that the removed heat quantity by coil is 
more effective in the case of removing condensate water than the 
20 case without removal, bcaausc the gas exit temperature in the case 
of removing condensate water (•) is lower than the case without 
removal (■)« 

(Embodiment 2) 

25 The comparison was performed between the one where PFA film 

of water-repellent fluorine base resin is applied to the outer 
surface of the cooling coil and a case without film. 

Removal of condensate water was performed by compressed gas 
similarly to the Embodiment 1« 

30 It should be appreciated that the thickness of PFA f xJjcn is 

preferably about 0.5 to 1.0 mm. Adopting such thickness, the 
thermal efficiency degradation due to tiJm can be limited to the 
minimum, and at the same time, condensate water is prevented from 
depositing, and the removal of deposited condensate water can be 

35 facilitated. 

By the experiment of the time, the condensate water removal 
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apparatus was operated. It was confirmed that it is more effective 
in the case of applying a surface treatment than the case without 
surface treatment, because the. gas exit temperature in the case of 
applying the surface treatment by film of water-repellent resin 
5 (Fig. 7A) is lower than that in the case without application (Fig. 
7 ■) thereof. 

(Embodiment 3) 

In the example, the comparison was performed between the one 
10 where alumite treatment is applied to the outer surface of the 
cooling coil and a case without film. 

Removal of condensate water was performed by compressed gas 
similarly to the Embodiment 1. 

in the experiment of this time, the condensate water removal 
15 apparatus was operated. It was confirmed that it is i.iuxe effective 
in the case of applying a surface treatment such as alumite 
treatment than the case without surface treatment, because the gas 
exit temperature in the case of applying a surface treatment by 
alumite treatment (Fig. 7 O ) is lower than that in the case 
20 without application (Fig. 7 ■). 

(Embodiment 4) 

The comparison was performed between a case where ultrasonic 
waves are applied to the cooling coil and a case without 

25 application. 

In the experiment of this time, the condensate water removal 
apparatus was operated. An ultrasonic element is fixed to a 
cooling coll plate portion 206 and, furthermore, connected and 
fixed to the ultrasonic element and a frame section of the 

30 apparatus for gas temperature and humidity adjustment- Condensate 
water deposited on the cooling coil is removed by oscillating the 
cooling coil main body through the vibration of the ultrasonic 
element. The frequency of the ultrasonic waves to be used is set 
to 20 to 50 kHz. This is because under 20 kHz the sound wave 

35 energy is Insufficient. and. over 50 kHz, there is every 
possibility of reducing considerably the life of the ultrasonic 
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element . 

It was confirmed that It is mora effective in the case of 
applying ultrasonic waves than the case without application 
treatment thereof, because the gas exit temperature in the case of 
5 applying vibration to the cooling coil by ultrasonic waves (Fig. 7 
□ ) is lower than that in the case without application (Fig. 7 ■). 

( Embodiment: 5) 

By using deaeration water, scale is prevented from generating 
10 in the cooling water tube, and the conversion efTiciency is 
prevented from depredating by scale generation. 

The comparison was performed between a case where city water 
is used as cooling water to circulate in the cooling coil and a 
case of using deaeration water. 
15 As deaeration weilex , oily vmlex. xeittoved oxygen was used. Th& 

oxygen concentration after deaeration is 3 ppm. 

Test results are shown in Fig. 8, In the experiment of this 
time, the condensate water removal apparatus was operated. The 
measurement was performed after letting cooling water flow through 
20 the cooling coil for 2000 hours continuously. 

It was confirmed that it is more effective in the case of 
using deaeration water than that in the case of using city water, 
because the gas exit temperature in the case of letting flow the 
deaeration water (Fig. 8#) is lower than the case of city water 
25 (Fig. 8 ■)- 

It should be appreciated that, in the case also of not 
removing condensate water, results demonstrating that the exit 
temperature is lower in the case of using deaeration water than 
the case of using city water were also obtained. 
30 It should be appreciated that particularly good results were 

obtained not more than 10 ppm when the experiment was carried out 
by changing the oxygen concentration in a range of 0.5 to 20 ppm. 

(Embodiment 6) 

35 By using hydrogen water, scale is prevented from generating 

in the cooling water tube, and the conversion efficiency is 
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prevented from depredating by scale generation. 

The comparison was performed between a case where city water 
is used as cooling water to circulate in the cooling coil and a 
case of using hydrogen water. 
5 As hydrogen water, city water removed oxygen and Uiex^af Lisr 

hydrogenated was used. The hydrogen concentration after 
hydrogenation is 0.6 ppm. 

Test results are shown in Fig, 8. 

In the experiment of this time, the condensate water removal 
10 apparatus was operated. The measurement was performed after 
letting cooling water flow through the cooling coil for 2000 hours 
continuously . 

It was confirmed that it is more effective in the case of 
letting flow hydrogen water than the case of using city water, 
15 because the gas exit temperature in the case of letting flow the 
hydrogen water (Fig. sO) is lower than that In the case of city 
water (Fig. 8 ■) . 

It should be appreciated that, a similar trend was also 
obtained in the case of not removing condensate water. 
20 Industrial Applicability 

According to the present invention, the heat exchange 
efficiency of the cooling coil elevates, the cooling water 
quantity can be reduced, the pipe arrangement diameter and water 
supply pump power also can be lowered, making possible to cut the 
25 initial cost and running cost of the air-conditioning system. 
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What is Claimed Is: 

1. An apparatus for high efficiency gas temperature and 
humidity adjustment, comprising a condensate water removal means 

5 for removing condensate water deposited on a cooling coli. 

2. An apparatus for high efficiency gas temperature and 
humidity adjustment, comprising a means for supplying the cooling 
COll with dftaeratinn water or hydrogen water as cooling water. 

3. The apparatus for high efficiency gas temperature and 
10 humidity adjustment of claim 1, wherein said condensate water 

removal means is a means for spraying compressed gas to the 
cooling coil. 

4. The apparatus for high efficiency gas temperature and 
humidity adjustment of claim 3, wherein the pressure of said 

15 compressed yas is 2 Lo 10 kyf/cm 2 . 

5. The apparatus for high efficiency gas temperature and 
humidity adjustment of claim 3 or 4, wherein said compressed gas 
is a cooling gas. 

6. The apparatus for high efficiency gas temperature and 
20 humidity adjustment of claim 1, wherein said condensate water 

removal means comes physically into contact with the condensate 
water, and has a function to remove said condensate water. 

1, The apparatus for high efficiency gas temperature and 
humidity adjustment of claim 6, wherein said condensate water 
25 removal moons is a brush. 

8. The apparatus for high efficiency gas temperature and 
humidity adjustment of claim 7, wherein said brush is composed to 
be capable of removing said condensate water by rotation or other 
displacement . 

30 9. The apparatus for high efficiency gas tempeacaturo and 

humidity adjustment of any one of claims 1 to 8, wherein cooling 
fins of said cooling coil are divided every one line or two lines, 
or have slits for displacement guide disposed every one line or 
two lines of heat exchange fins. 

35 The apparatus for high efficiency gas temperature and 

humidity adjustment of any one of claims 1, 2 to 9, wherein the 
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surface of said cooling coil is composed of water-repellent 
surface . 

11. The apparatus for high efficiency gas temperature and 
humidity adjustment of any one of claims 1 to 10, comprising a 

5 means capable of spraying condensed liquid again . 

12. The apparatus for high efficiency gas temperature and 
humidity adjustment of any one of claims 1 to 9, wherein a surface 
treatment using alumite treatment film or the. like is applied to 
the surface of said cooling coil so that the heat transfer 

10 efficiency trom the surface thereof to the gas by neat radiation 
be improved, 

13. The apparatus for high efficiency gas temperature and 
humidity adjustment of any one of claims 1 to 1?, wherein an 
ultrasonic applying apparatus for applying vibration by ultrasonic 

15 waves is comprised on the surface of said cooling coll. 

14. The apparatus for high efficiency gas temperature and 

humidity adjustment of any one of claims 1, 3 to 13, comprising a 
means for supplying the cooling water tube of said cooling coil 
with deaeration water. 

20 15. Hie apparatus for high efficiency gas temperature and 

humidity adjustment of any one of claims 1, 3 to 13, comprising a 
means for supplying the cooling water tube of said cooling coil 
with hydrogen water. 

16. A method for high efficiency gas temperature and humidity 

25 adjustment; comprising the steps of, letting flow cooling water in 
a cooling water tube of a cooling coil, and cooling a gas to be 
cooled by letting flow the gas to be cooled between cooling fins, 
wherein deaeration water is used as coil cooling water. 
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ABSTRACT 



The present invention has an object to comprise an apparatus 
for high efficiency gas temperature and humidity adjustment and an 
5 adjustment: method allowing to elevate the heat exchange efficiency 
of a cooling coil, reduce the cooling water quantity, lower also 
the pipe arrangement diameter and water supply pump power, making 
possible to cut the initial cost and running cost of the air- 
conditioning system. 
10 The appaxciLus fur liigh efficiency gas temperature and 

humidity adjustment is characterized by that means for removing 
condensate water deposited on the cooling coil. 
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Residence: Tokyo JAPAN «^> v Citizenship Japanese 

Post Office Addres s c/o TA 1 SE-I_ CORPORATION „ 25-1. Nishishiniuku 1-chome. Shiniuku-ku. Tokyo 160-0023 JAPAN 

6 JWie ^_ ^ooi^ 



Inventor's Signature / <. /A^i J Date 



£' -£fZ?uU name of eighth inventor: Yoshinori OHKUBO^ 

Residence: Tokyo JAPAN Citizenship Japanese S_ 

post uffice Address c/o iakasauu NbisuuAicu kuutu KAMUSHiiCj KaIsha, Z-e, tCandasurugadal 4-chome, Chtyoda-ku, 
Tokyo 101-0062 JAPAN 




inventor's Signature J^^£^^{/^^^ Date - 3= Z MAX' 



